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In this study, a method is provided for analyzing quan-
titatively the content and the class of melanin pigments 
in the tissues, e .g., hair and melanoma. The method is 
simple and rapid because it does not require the isolation 
of melanins from the tissues. The rationale was that 
permanganate oxidation of eumelanin yields pyrrole-2,-
3,5-tricarboxylic acid (PTCA) as its major pyrrolic prod-
uct, which may serve as a quantitatively significant in-
dicator of eumelanin, while hydriodic acid hydrolysis of 
pheomelanin yields amino-hydroxyphenylalanine (AHP) 
as a specific indicator of pheomelanin. The degradation 
products, PTCA and AHP, were determined by high-
performance liquid chromatography. Sepia melano-
some-melanin and synthetic 5-S-cysteinyldopa-melanin 
served as reference standards of eumelanin and pheo-
melanin, respectively. Our method provided data that 
corresponded well to the content and class of melanins 
in normal hair. Based on this control study, it was found 
that the melanins in th'e melanosomes of both B16 and 
Harding-Passey (HP) melanomas were eumelanic and 
that the melanin content in B16 melanosomes was more 
than 10 times higher than that in HP melanosomes, 
though these two melanosomes revealed distinct colors 
and ultrastructures, i.e., brown-black, eumelanosome-
like granules in B16 and reddish- or light-brown, pheo-
melanosome-like granules in HP. 
In animals, there are 2 major classes pf melanin pigments, 
eumelanin and pheomelanin [1). The classification of the 2 
pigments depends mostly on the color, solubility properties, 
and sulfur content of isolated melanin. Eumelanin is a dark-
brown to black pigment which is insoluble in acid and alkali , 
and contains nitrogen (6-9%) but no sulfur (0-1%). On the other 
hand, pheomelan in is a yellow to reddish-brown pigment which 
is soluble in alkali, and possesses both nitrogen (8-11 %) and 
sulfur (9-12%) [2]. The 2 classes of melanins are also chemically 
distinct; eumelanin is composed mainly of monomer units of 
5,6-dihydroxyindole and 5,6-dihydroxyindole-2-carboxylic acid, 
\ while pheomelanin is made up of benzothiazine units derived 
from cysteinyldopas (Fig 1) [1). The synthesis of melanins 
occurs in melanosomes, but it is difficult, with the exception of 
normal hair, to identify even by ultrastructural observations 
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graph) 
PTCA: pyrrole-2,3,5-tricarboxylic acid 
which class of melanin pigments is produced in them (type of 
melanogenesis) [3]. 
The isolation of melanins from the melanogenic tissues is 
t ime consuming and may involve the risk of structural alteration 
due to the drastic isolation procedures employed [2,4-6]. Many 
attempts have been made to conelate the type of melanogenesis 
with the tissue level of dopa and 5-S-cysteinyldopa [7-9]. Cor-
relation, however, has not always been achieved [9]; melanin 
contents in melanogenic tissues are some 10'3 times higher than 
the levels of these melanin precursors [5,9] and cysteinyldopas 
are found in any type of active melanocyte [1]. Fmthermore, 
recent findings that eumelanic pigments often contain high 
amounts of sulfur (as much as 6%) [ 4,5,10] have raised the need 
for more quantitative criteria for the classification of melanin 
pigments. 
We now report a simple and rapid method for quantitatively 
analyzing eumelanin and pheomelanin in the tissues, e.g., hair 
and melanomas, which makes unne.cessary the isolation of 
melanin . This method is based on the formation of pynole-
2,3,5-tricarboxylic acid (PTCA) and an isomeric mixtme of 4(3) -
amino-3(4) -hydroxyphenylalanines (AHP) by permanganate 
oxidation [10,11] of eumelanin and hydriodic acid (HI) hydrol-
ysis of pheomelanin [10,12]. The products were determined by 
high -performance liquid chromatography (HPLC). 
MATERIALS AND METHODS 
Ch.,·omatog,·aphy 
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A Yanaco Model L-2000 liquid chromatograph was employed with 
the detectors of a Yanaco Model U-213 ultraviolet detector (254 nm) 
and a Yanaco Model VMD-101 electrochemical detector (a glassy 
carbon electrode) for the determination of PTCA and AHP, respec-
tively. The electrochemical detector was set at +500 mV vs. Ag/AgCl 
reference electrode. All analyses were performed on a C," reversed-
phase column (Yanaco ODS-T, 0.4 X 25 em) maintained either at 60°C 
(for PTCA) or at 40°C (for AHP). The mobile phase was (a) 0.1 M 
potassium phosphate buffer (pH 2.1) for PTCA, and (b) a mixtw-e of 97 
vol of 0.1 M sodium citrate buffer (pH 4.0) containing 1 mM sodium 
octanesulfonate and 0.1 mM EDTA-Na", and 3 vol of methanol for 
AHP. The flow rate was 0.7 ml/min. 
Chemicals 
L-3,4-DihydJ·oxyphenylalanine (dopa), 3-amino-4-hydJ·oxyphenyl-
alanine (3-aminotyrosine), and mushroom tyrosinase (2230 units/ mg) 
were purchased from Sigma Chemical Co. and 5-hydroxyindole-2-car-
boxylic acid was obtained fi·om AldJ·ich Chemical Co. 4-Amino-3-hy-
droxyphenylalanine was prepared by HI hydrolysis of 5-S-cysteinyl-
dopa-melanin [12], and PTCA by KMnO., oxidation of 5-hydJ·oxyindole-
2-carboxylic acid [13]. 5-S-Cysteinyldopa was chemically prepared by 
LIS [14). 
Melanins 
Dopa-melanin, 5-S-cysteinyldopa-melanin, and a mixed-type mela-
nin were prepared essentially as described by Ito et al [15]. The reaction 
mixture contained 1 mmol of L-dopa or 5-S-cysteinyldopa, or a mixture 
of0.5 mmol of each of these catechols, ancl8 mg of mushroom tyrosinase 
in 80 ml of0.05 M sodium phosphate buffer, pH 6.8. For the preparation 
of 5-S-cysteinyldopa-melanin, 0.05 mmol of L-dopa was added as cata-
lyst; most of the L-dopa (more than 80%) was found unchanged in the 
supernatant of the reaction mixture. The yields were 133 mg, 150 mg, 
and 185 mg for dopa-melanin, 5-S-cysteinyldopa-melanin, and the 
mixed-type melanin, respectively. By elemental analysis the mixed-
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type melanin was found to be composed of C (48.85%), H (3.76%), N 
(8.90%), a nd S (7.88%). 
Mela.nosom.es 
The melanosomes were prepared from B16 and Harding-Passey 
(HP) mouse melanomas and from the ink sac of a sepia (cuttlefish). 
The purification procedm e of melanoma melanosomes has been re-
ported previously [9]. Briefly, they were purified by 2 steps of sucrose 
density gradient ultracentrifugation wi th elimination of surface mem-
branous components by detergent. They were then washed extensively 
with distilled water a nd lyophilized. T he sepia melanosomes were 
obtained from the ink sac of a cuttlefish a nd kindly supplied by Dr. Y. 
Fuj inu ma, Resear ch Laborato ry of Shiseido Cosmetic Company (Yo-
kohama, J a pan). S imilar to the melanoma melanosomes, the lyophilized 
sepia melanosomes did not conta i'n any external contaminants nor were 
they found to possess the other membrane under electron microscopy. 
The melanins from these melanosomes were isola ted by our previously 
described method [9]. 
Pen na.nga.nate Oxidation of Melanins and T issues 
The amounts of samples used for each oxidation were: 20 mg of 
melanin, 50 mg of lyophilized melanosomes, 50-100 mg of in tact hair, 
and the acid-insoluble fraction (9] p.repar ed !i·om about 0.5-1.0 g of 
tissue. The method for the oxidation was similar to those described by 
Nicolaus et al [6] and Hackman and Gold berg [11]. A sample was 
dissolved or homogenized in 5 ml of 1 M J<"COa; to this, 3% KMnO., was 
added in portions of 0.2 ml with vigorous stirring un t il the purple color 
of KMnO,, persisted fo r at least 10 min. The reaction required 20- 60 
min . Solid Na"SOa was added to decompose the residual KMnO,, and 
the mixture was kept in a hot-water bath for 5 min and centri fuged. 
The Mn O" precipi tate was washed wi th 3 ml of hot water. The super-
natants were combined, acidified to pH l -2 wi th 6 M HCI, and extracted 
5 t imes wi th 10 ml of a lumina-treated, peroxide- free ether . The com-
bined ether extract was dried over MgSO.,, filte red, and evaporated to 
dryness in a rotary evaporato r. T he residue was dissolved in 2 ml of 
wate r and cent rifuged. Usually, J0-100 t-tl of the supernatant was 
injected in to the HPLC for the a nalysis of PT CA. 
HI Hydrolysis of Melanins and Tissues 
The amounts of samples fo r each hydrolysis were the same as 
described for the KMnO., oxidation. A sam ple was suspended in 10 ml 
of 57% HI containing 200 mg of H 1P0a and heated under re!lux fo r 20 
h. The hydrolysate was evapora ted to dryness in a rotary evaporator at 
70°C and the residue was taken up in 10 ml ofO.l M HCI a nd centrifuged. 
Usually, 10-JOO f.LI of the supernatant was injected into the HPLC for 
the analys is of AHP, bu t appropriate dilu tion was necessary for pheo-
melanic samples. 3-Aminotyrosine was used as the standard . 
RESULTS 
Analytical Conditions 
R eaction condi t ions for t he p erma nganate oxidatio n of m el-
a nins h ave been ela borated upon by others [6,11] a nd the refor e 
were a d a p ted wi t h minor m odifications . Fig 2 d e m onstr ates 
typica l c hrom atogra m s of t h e oxidatio n products of syn t h etic 
eumela nin a nd e umela nic t issue; PTCA was th e m ajor UV-
a bsorbing product a nd was easily determine d . R e produ cibili ty 
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of P T CA determinatio n was m oderate. T h e coefficients of 
variation for 3 d eterminations ranged fr om 5- 20%. 
HI hydrolysis of pheomela nic pigm e n t a nd t issu e gave high 
y ields of A H P. H P L C a nalysis of A H P, h owever , presen ted 
som e difficul t ies because of poor separation a nd rapid elu t ion 
of 2 AHP isom ers. The difficult ies were over come by us ing, as 
t he m o bile phase, a buffer con taining octan esuJfo nate to r etar d 
basic AHP. T ypical chro m atogra m s of t h e h y d1·olysis p roducts 
of syn th etic pheom e la nin a nd pheom ela nic t issue a re show n in 
Fig 3. AHP was qua n t ified wit h th e electr och emical detector 
by taking a d van tage of its r educ ing proper ty. A H P isomers 
gave a s ha rp, s ingle peak whic h was well sep ar ated fr om p eak s 
of oth er h yd rolysis p roducts s uch as d op a. Inasmuch as t h e 2 
isom e rs of A HP h a d nearly ide n t ical responses to t h e d etector, 
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F IG 2. Chromatograms of perma nganate ox idation products of (A) 
dopa-melanin and of (B) black mouse hair. Injected amounts were 
equivalent to (A) 400 f.Lg of dopa-melanin and to (B) 400 r<g of black 
mouse ha ir. Chromatographic conditions are described in 111/a/erials 
and Methods. 
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FIG 3. Chromatograms of H I hydrolysis products of (A) 5-S-cystein-
yldopa-melanin (5-S-CD-melanin) and of (B) yellow mouse hair. In-
jected amounts were equivalen t. t.o (A) 200 !Lg of 5-S-cysteinyldopa-
melanin and to (B) 10 f.Lg of yellow mouse hair. Chromatographic 
conditions are descri bed in Materials and Methods. AHP and dopa 
. appeared at 8.2 and 6.8 min, respectively. 
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we ch ose as t he reference standard t he 3-amino-4-hydroxy 
isomer (3-a minotyrosine) , a commercially available isomer. 
The optimum reaction t ime for the HI hydrolysis of m elanins 
was determined by using 5-S-cysteinyldopa-mela nin . As the 
yields of AHP became constant after 20 h ofreflux, this r eaction 
time was adapted throughout the study. Reprod ucibili ty of 
AHP determination was excellent because of the simple pro-
cedure of hydrolysis. 
Permanganate Oxidation and HI Hydro lysis of Melanins 
and Related Compounds 
The resu lts of perma nganate oxidation and HI hydrolysis of 
melanins a nd related compounds are summarized in Table I. 
Oxidation of synthetic dopa-melanin gave a 0.3% yield ofPTCA. 
M elanin in sepia mela nosomes, a natw·al eumelanin, afforded 
a 1.9% yield of PTCA. However, PTCA is not a specific indicator 
of eumelanin ; synth etic 5-S-cysteinyldopa-mela nin also gave a 
0.08% yield of PTCA. M ixed-type melanins gave PTCA in a 
yield intermediate between the synt hetic eu- a nd pheomelanin. 
T here seemed to be 3 reasons for the low yields of PTCA 
from synthetic as well as natw-al eumela nins: (I) The insoluble 
proper ty of eumela nin may be a factor unfavorable for higher 
yields: this was in agreement with the fact that dopa itself gave 
a higher yield of PTCA t ha n dopa-mela nin . (2) Permanganate 
may have a low selectivity with respect to the site of attack: 
this view was confirmed by the relatively low y ield of PTCA 
fro m 5-hydroxyindole-2-carboxyli c acid which possesses t he 
skeleton of eumela nin monomer (Fig 1). (3) The product PTCA 
itself is unstable under the oxidation conditions: treatment of 
PTCA with KMnO,, for 6Q min resul ted in only a 10% recovery 
ofPTCA. 
The yield of PTCA from dopa- mela nin was much lower tha n 
t hose from natural mela nins. This fact seemed to suggest th at 
synthetic dopa-mela nin is much more heterogeneous wit h re-
spect to the monomer unit than are natural eumelanins. This 
possibility was supported by the fact that the chromatogram of 
t he oxidation products of dopa-mela nin was much more com-
plex than those from natural eumelanins, as exemplified in Fig 
2. 
Table I also indicates that acid hydrolysis of m ela nins with 
HCl resul ted in a sharp decrease in th e. yields of PTCA, e.g., 
0.3-0.08% in dopa-mela nin and 1.9-0.8% in sepia melanosome-
melanin. T hus, th e treatm ent with hot HCl appeared to alter 
the struc tuxal properties of eumelanin to a great extent. 
TABLE I. Pennanga.nate oxidation. and HI hydrolysis of melanins 
and related compounds 
Percent y ield , wtjwt (n)" 
Materia l 
Synthetic melanin 
Dopa-melanin 
5-S-Cysteinyldopa-melanin 
Mixed-type melanin'' 
Dopa-melanin'· 
Natural melanin 
Sepia mela nosome-melanin" 
Sepia melanosome-melanin'· 
B16 melanosome-melanin'' 
HP melanosome-melanin'· 
B lack-hair mela nin (C57BL mouse)" 
Related compound 
Dopa 
5-S-Cysteinyldopa 
5-Hydroxyindole-2-carboxylic ac id 
PTCA 
(I<MnO., 
ox idatio n) 
0.29 (3) 
0.079 (3) 
0.14 (3) 
0.081 
1.9 (3) 
0.77 (2) 
0.26 (2) 
0.21 
0.47 
0.46 
0.14 
4.8 (3) 
" Averages and the numbers (n) of determinations. 
AHP 
(HI 
hydrolysis) 
0.000 
20.0 (2) 
12.0 (2) 
< 0.001 
0.018 
0.000 
"Prepa red from a mixture of dopa and 5-S-cysteinyldopa in a ratio 
of 1:1 (M) or 1:1.6 (weight ). 
,. Insoluble mate rial left afte r HCl hydJ·olysis [9]. 
" Lyophilized sepia melanosomes were used and the yie ld was cor-
rected for the melanin content of 59% (see T a ble II ). 
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HI hydrolysis of 5-S-cysteinyldopa-melanin gave a very high 
yield (20%) of AHP while dopa -melanin gave no t race of th e 
compounds. Mixed-type melanins gave AHP in a yield inter-
mediate between· the synthetic eu- and pheomelanin. Only trace 
amounts of AHP were detected in t he HI hydrolysates of 
melanosome-mela nins from sepia ink a nd Bl6 m ela noma. Thus, 
AHP appeared to be a specifi c, excellent indicator of pheo-
mela nin. 
Eu- and Pheomelanin Contents in Tissue 
To delineate the concentrations of eu- a nd pheomelanins 
with the levels of PTCA and AHP, melanogenic t issues such as 
hair, and mela noma and nonmela nogenic t issues were analyzed 
after KMnO,, ox idation and HI hydrolysis. The t issue contents 
of eu- and pheomela nins, shown in Table II, were obtained by 
multiplying those of PTCA and AHP by factors of 50 and 5, 
respectively. The 2% yield of PTCA from sepia mela nosome-
mela nin and the 20% yield of AHP from 5-S-cysteinyldopa-
melanin served as the basis for t he calculation. The eumela nin 
levels t hus obtained cannot be a pplied to pheomelanic t issues. 
However, this did not pose a serious problem, inasmuch as the 
yields of PTCA from synth etic and natural pheomela nins were 
only trace a mounts. 
Melanin Contents in Hair 
Black mouse h air contained a high level of eumelanin but 
only a trace level of pheomelanin, while yellow mouse hair 
contained a high level of pheomela nin. White mouse hair con-
tained no trace of eumelanin but a trace level of pheomelanin . 
These resul ts were in accord with the m elanogenesis responsible 
for each type of hair coloration, i.e., eumelan ic in black mouse 
hair, pheom elanic in yellow, a nd a melanotic in white. Acid-
soluble a nd -insoluble fractions of yellow hair contained 0.55% 
a nd 0.33% of pheomelanin, r espectively. AHP in the acid-solu -
ble fraction may be derived from trichochromes which are acid-
soluble pheomela nic pigments with dimeric structure [2]. Hu-
man black hair contained eumelanin at a level much lower tha n 
that of mouse black hair. In accord with this finding it was 
found t hat acid hydrolysis of human black hau· y ielded only a 
trace amount of insoluble material. 
M elanin Contents in Lyophilized M elanosomes 
Melanin in sepia melanosomes was found to be exclusively 
eumelanic [16]. Eumela nin content in B16 mela nosomes was 
more than 10 tunes higher than in HP melanosomes, while 
pheomelanin content, although negligible, was higher in HP 
than in B16 melanosomes. The eumelanin levels calculated 
from PTCA values corresponded well with the amounts of 
insoluble materia l obtained by HCl hydrolysis. 
M elanin Contents in M elanoma Tissues and Their Fractions 
The eumelanin level in B16 m elanoma was more than 10 
t imes higher than that in HP mela noma. Most of melanins in 
B16 a nd HP melanomas were found in th e mela nosome frac-
tions. Both Bl6 and HP melanomas were found to be eumelanic, 
but the contribution of pheomelanin was much greater in HP 
t ha n in Bl6 melanoma. It is interesting t hat in the soluble 
fractions of Bl6 and HP melanomas, especially in those of th e 
latter, small amounts of both eu- and pheomelanins were found . 
However , the possibility cannot be r uled out that the formation 
of melanin took place during th e fractionation procedure. Al-
though most of the oxidation procedures were done with acid-
insoluble fractions, the fractionation with 0.4 M HCIO. can be 
omitted, as indicated in Table II. 
M elanin Contents in Normal Nonmelanogen ic Tissues 
E umelanin contents in t he liver and kidney of mice and in 
human serum were negligible. Also, these normal tissues con-
tained only trace am ounts of pheomelanin. 
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TABLE II. E:;tim.ation of relative content:> " of' ewnelanin and pheom.elanin in hai1~ melano8omes, melanomas, and normal/issues 
'T'issue 
Hair 
Black (C57BL mouse)'1 
Yellow (C57BL, A-'' mouse )d 
While (A/ J mouse) 
Black (Japanese) 
Melanosome (lyophilized) 
Sepia me la nosome 
B IG melanosome 
HP melanosome 
Melanoma and its fractions 
BIG melanoma 
HP melanoma 
BIG melanosome fraction 
HP melanosome fraction 
BIG soluble fraction 
HP soluble fraction 
Normal tissue 
Liver (A/ J mouse) 
Kidney (A/J mouse) 
Serum (human) 
Eumelanin" 
( PTCA of KM nO.,) OXJdat.JOil 
6.5 (2)' 
0.18 
nd" (<0.001) 
0.67 (3) 
57 (3) 
32 (2) 
2.3 (2) 
2.6, 0.95, [l. 7]( 
0.1, 0.075, [0.14]' 
0.88 (2) 
0.06 (2) 
0.006 
0.02 
nd (< 0.001) 
nd (< 0.001) 
nd (< 0.001) 
Percent co nte nt, wtjwet wt (n) " 
Pheomelanin(' 
( AHP of HI) hydro lysis 
0.02 
1.3 (2) 
0.02 
0.02 
< 0.01 
0.07 
0.20 
0.003 
0.008 
0.0008 
0.003 
0.0005 
0.002 
0.0002 
0.0004 
0.0002 
M elan in(· 
( HCI ) hydrolysis 
9.3 
59 
30 
3.0 
" Obtained by multiplying the PTCA concent ration by a factor of 50 and the AHP concentration by a factor of 5. 
1
' Averages a nd the numbers (n) of determinations. 
,. Insoluble material left a fter HCl hydrolysis [9]. 
<I The genetic background of ye llow a nd black mice was reported previously [3). 
" Not detected. 
f Values in brackets were obta ined with in tact melanoma by omitting the frac tionation with 0.4 M KMnO,,. 
DISCUSSION 
The isolation of melanins from the tissues has been required 
to determine the content and t he class of melanin pigments, 
and thei1· degradation products have been analyzed qualita-
tively or semiqua ntitatively. Eumelanin has a lso been identified 
by the formation of 5,6-dihydroxyindole on alkali fusion (6,10,-
11,15]. This method, however, did not appear to be suitably 
applicable to melanin quantification in the tissues. 
This study provided a new method for analyzing quantita-
tively the content and class of melanin pigments in the tissues. 
The method is simple and rapid, inasmuch as it does not require 
the isolation of melanins from the tissues. The rationale of the 
method is that permanganate oxidation of eumela nin giv~s 
PTCA as the major pyrrolic product [6,11], while HI hydrolysis 
of pheomelanin yields AHP in addition to other phenolic amino 
acids (2,12]. Thus, PTCA is a quantitatively significant indica-
tor of eumelanin, while AHP is a specific indicator of pheome-
lanin. The degradation products of PTCA and AHP were 
determined by HPLC. Sepia melanosome-melanin and syn-
thetic 5-S-cysteinyldopa-melanin serv'ed as reference standards 
for eumelanin [16] a nd pheomelanin [12], respectively. 
In this study, synthetic dopa-melanin was found to be much 
more heterogeneous with respect to the monomer units than 
natural eumela nins. The fact that the y ields of PTCA from 
eumelanins were low (2%) does not mean that the contents of 
the units of 5,6-dihydroxyindole and 5,6-dihydJ·oxyindole-2-car-
boxylic acid in eumelanins were also low. Ito a nd Nicol [13] 
reported that permanganate oxidation of 5,6-dihydToxyindole-
2-carboxylic acid and its oligomers also gave low yields (5-6%) 
of PTCA. This study also revealed that acid treatment of 
melanin to remove proteins causes alteration in the structural 
properties of melanins. 
The tissue contents of eu- and pheomelanins were estimated 
by multiplying t hose of PTCA and AHP by 50 and 5, respec-
t ively. A good correlation was observed between the eu- and 
pheomelanin contents with the type of melanogenesis in normal 
mouse ha ir. Eumelanin was found in black hail· at a high level 
whereas pheomelanin was found in yellow hail· at a high level. 
Based on this control study of normal hail·, the melanosomes of 
both B16 and HP melanomas were found to be eumelanic. The 
melanin content in Bl6 melanosomes appeared to be more than 
10 t imes higher than that in HP. Thus, a striking difference in 
the color of melanosomes between Bl6 and HP melanomas 
seems largely to be related not to the class but to the content 
of melanin pigments, although B 16 and HP melanosomes reveal 
quite distinct ultrastructures, i.e., brown-black, eumelanosome-
like granules in B16 and reddish- or ligh t-brown, pheomelano-
some-like granules in HP melanosomes. While we are confident 
that the eumelanin/ pheomelanin ratio obtained by t llis method 
could serve as an index for the classification of various melanins 
further work is necessary to conthm whether the method ca~ 
be applied well to natural m elanins whose chemical and phys-
ical properties may often be intermediate between those of 
typical eumela nin and pheomelanin [1 ,5,10]. It may also be 
necessary to find an indicator other than PTCA for eumelanin 
calculation inasmuch as t he yield of PTCA after KMn04 oxi-
dation is approximately 2%, thus making it necessary to multi-
ply it by 50 for estimation of tissue content. 
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Identical Lectin Binding Patterns of Human Melanocytes and Melanoma 
Cells In Vitro 
NIKOLAUS ROMANI, PH.D., GEROLD SCHULER, M .D., AND PETER FRITSCH, M.D. 
Departm.ent of Dermatology, University of ln.n.sbruc/1, In.n.sbru.ch, Austria. 
Cell surface glycoconjugate patterns of human epider-
mal cells and of m elanoma cells (MC) in primary culture 
d erived from 11 primary and metastatic melanomas 
were investigated u s ing fluorescent and horseradish per-
oxidase conjugated lectins for visualization at the light 
a nd e lectron microscopic level. The lectin labeling pro-
files of human melanocytes (M) and MC were found to be 
identical. According to their binding patterns, the lectins 
tested w ere grouped into three categories: (1) lectins 
binding to both k eratinocytes (K) and M/MC, irrespec-
tive of neuraminidase pretreatment (concanavalin-A, 
wheatgerm agglutinin, succinylated wheatgerm agglu-
tinin); (2) lectins binding to K but not to M/MC, irre-
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tober 27, 1.982. 
Reprin t. requests lo: Nikolaus Romani, Ph .D., Department of Der-
matology, University of Innsbruck, Anichstrasse 35, A-6020 lnnsbruck, 
Austria. 
Abbreviations: 
a-0-GaiNAc: N-acetyl-alpha-D-galactosaminyl 
u- 0 -G ic: alpha-0 -glucosyl 
a-D- Man: alpha-D-mannosyl 
u-L-Fuc: alpha-L-fu cosyl 
~-D-Ga l : ~ -D-galactosy l 
/3-D-GicNAc: N-acetyl-~-D-glucosaminy l 
Con-A: concanavalin A 
l-IP A: Helix pomatia agglutinin 
K: kerat.inocyte(:) 
M: melanocyte(s) 
MC: melanoma cell (s) 
NANA: sialic ac id 
PBS: phosphate-buffered saline 
PNA: peanut agglu tinin 
SBA: sobyean agglu tinin 
UEA I: Ulex eu.ropaeus agglu tinin I 
WGA: wheatgerm agglu tinin 
s p ective of neuraminidase pretr eatment ( Ulex europaeus 
agglutinin I); (3) lectins binding to K, but to M / MC only 
after n e uraminidase pre treatment (soybean, Helix po-
matia, and p eanut agglutinins) . Untreated M were r eac-
tive for soybean and peanut agglutinins only at contact 
s ites with K. Since the lectins from soybean, Helix, and 
p eanut bind s pecifica lly to D-galactose and N-acetyl-D-
galactosamine r esidues, we conclude that these particu-
la r glycoconjugates are normally m asked by sialic acid 
on M/MC surfaces and can b e unmasked by neura mini-
d ase. These features, which have been previously ob-
served in guinea pig M, appear to b e interspecies surface 
marke r s of melanocytic cells which remain una ltered in 
the course of malignant transformation. 
Mela nocytes (M) differ from keratinocytes (K) in vivo as well 
as in vitro by a number of impor tant beh avioral parameters, 
which may be re lated to differences in surface organization 
(sha pe, prolifera tion, motility, substrate adhesion). In previous 
studies on guinea pig epidermal cell cultures, we have shown 
that such differences can in fact be demonstrated for the 
distribu tion a nd latera l mobility of a nionic surface sites [1]. As 
a further distinguishing feature, terminal D -galactose (D-Gal) 
and N -acetyl-galactosamin e (GalNAc) residues were found 
masked by sialic acid on guinea pig M surfaces in lectin binding 
experiments; unmasking could be achieved by neuraminidase 
[2]. 
In this study we demonstrate t hat human M a nd K display 
very similar lectin binding pattem s to guinea pig cells. Further-
more, the lectin binding pattem s of normal huma n M a nd th eir 
response to neuraminidase were found to be identical to that of 
cul t ured mela noma cells (MC). The masking of terminal D-Gal 
a nd GaiNAc by sialic acid therefore appears to be a n interspe-
cies surface marker of mela nocytic cells a nd to remain r emark-
ably stable in the course of m aligna n t tra nsformation. 
